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Introduction
Peanut (Arachis hypogaea, L.) is grown and 
consumed worldwide. It is composed of 50% 
fat, 30% protein and gives 585 Kcal/100g of 
energy on consumption (USDA, 1999). Peanuts 
have high satiety effect which is enhanced by 
their rich source of fibre and protein (Burton-
Freeman 2000; Holt et al 1995). In recent years, 
nuts have received considerable attention as one 
of the foods that have beneficial effects for 
cardiovascular health. Studies have confirmed 
that consuming nuts as a snack food at least five 
times per week may lower the risk of 
cardiovascular disease, type 2 diabetes and gall 
bladder disease (Tsai et al., 2004; Jiang et al 
2002; Hu et al., 1998). Peanuts are among the 
nuts to which epidemiological data have linked 
such benefits (Kris-Etherton et al., 1999; Hu et 
al., 1998; Prineas et al., 1993). The high satiety 
values of peanuts evoke a strong compensatory 
dietary response in the form of reduced energy 
intake that offsets two-thirds of the energy by 
nuts (Mattes et al., 2005; Alper & Mattes, 2002). 
In Ghana, peanuts are cultivated nationwide 
and was ranked 8th in 2007 in the country's 
commodities production with a volume of 
440,000 metric tonnes (FAOSTATS, 2007). 
Such high production goes into many end uses 
including ingredient for various snacks as well 
as main dishes. However, the consumption of 
peanut products can be unsafe to the consumer 
because of the issue of mycotoxins particularly 
aflatoxins.
  Aflatoxins are secondary metabolites 
produced by Aspergillus flavus Link: Fries, and 
A. parasiticus Speare that occur in many 
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Aflatoxins have been of major public health concern ever since they were discovered.
A simple physical manual sorting procedure and blanching to facilitate the elimination of aflatoxins 
in raw peanuts was designed, conducted and verified using workshop participants. Two processors 
were then trained on the technology. Six streams of kernels namely, raw unsorted kernels, pre-sorted 
kernels (immature and shrivelled kernels), three levels of bad discoloured kernels (≤10% 
discoloured kernels, ≤50% discoloured kernels and ˃50% discoloured kernels) and good kernels 
were obtained during the verification exercise. Analyses carried out on these samples using High 
Performance Liquid Chromatography (HPLC) gave total aflatoxin levels ranging from none 
detected to 60.42 µg/kg for good kernels and very, very bad kernels, respectively. Total aflatoxin 
content of the testa recorded 5.34 µg/kg. During the training session for the two processors, 
shrivelled and immature kernels were found to be the most susceptible to aflatoxin contamination. 
Thorough manual sorting of blanched kernels, offers a practical possibility in reducing significantly, 
aflatoxin levels to below regulatory limits.
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commodities used for human food and animal 
feed.  These compounds have a high acute 
toxicity, as well as immunosuppressive, muta-
genic, teratogenic, estrogenic and carcinogenic 
activities (Klich et al., 2009) and are classified 
as group 1 carcinogens by the International 
Agency for Research on Cancer (IARC) 
(Peraica et al., 1999). Aflatoxins occur more 
during postharvest than during pre-harvest 
conditions (Wild & Hall, 2000). These toxins 
are known to increase in food during storage 
(Kaaya & Kyamuhangire, 2006). High 
temperatures, high humidity, as well as insect 
and rodent damage result in accumulation of 
these toxins (Hell & Mutegi, 2011). Nearly 80% 
of aflatoxin contamination can be attributed to 
small, shriveled seeds (Davidson et al., 1982), 
mouldy and stained seeds (Fandohan et al., 
2005; Tuner et al., 2005; Awuah & Kpodo, 
1996; Park, 2002).  Sorting can be done using 
physical characteristics like colour, size, and 
density (De Mello & Scussel, 2009). In addition, 
kernels that float in water have been found to 
contain up to 95% aflatoxin (Philips et al., 1994; 
Kirskey et al., 1989).
Food safety in Africa and indeed the world 
over in relation to mycotoxins is a broad and 
diversified subject matter to deal with. 
Conditions in countries vary widely, in their 
geographical location, climate, soil and cultural 
habits. As a result, different tolerance levels 
have been set by individual countries to regulate 
foods contaminated with mycotoxins. The 
objective of this study was to investigate the 
influence of manual sorting on aflatoxin levels 
in peanuts sold on the Ghanaian markets. 
This is important in view of reservations 
about cost and safety concerns for current 
chemical detoxification methods (alkaline 
treatment, acid treatment, ozone treatment and 
ammonia treatment) as well as irradiation 
methods. In ionizing radiation (eg.  X'rays, 
gamma rays, and ultraviolet rays) potential 
changes may occur in molecules of the 
irradiated food. These changes may be quite 
harmful to living organisms exposed to large 
doses of the ionizing radiation (Needhidasan & 
Melvin Samuel, 2013). Thermal processing has 
been reported to reduce aflatoxins in peanut 
meal (Coomes et al., 1966). However, this 
seems to be insufficient because aflatoxins are 
heat resistant within the temperature range of 
0
food processing (80-121 C).
Materials and methods
Peanut kernels used in this study were purchased 
from the Nima market in the Greater Accra 
Region of Ghana. The kernels were purchased in 
50 kg batches with each batch made up of 5.0 kg 
samples from 10 sellers bulked together.  
A systematic sorting process that could lead 
to a total elimination of aflatoxins in samples of 
peanuts was developed, and the aflatoxin 
content of each sorted fraction determined using 
4.0 kg of kernels sampled from a batch of 50 kg 
of the raw peanuts. The process involved a pre-
sorting exercise involving sieving of the kernels 
to sort out immature and shrivelled kernels and 
damaged kernels from the raw unsorted kernels 
(RUP). This was followed by blanching and 
dehulling of the pre-sorted kernels, and further 
sorting of the dehulled kernels to obtain 
fractions of good clean kernels and discoloured 
kernels (Fig. 1). The discoloured kernels were 
further categorized into kernels with less than 
50% discolouration and those with more than 
50% discolouration (Figs. 1, 2, 3, and 4). 
Blanching involved preheating an oven 
(Wagnet Oven, Model: GP/50/55/250/DIG, 
Leader Engineering, St. Helens Merseyside, 
WA9 5GZ, England) for 15 min to a temperature 
0
of 140 C. The peanut kernels were then spread in 
two aluminium pans and placed in the oven for 
30 min. The kernels were allowed to cool under a 
ceiling fan after which the reddish seed coats 
(testa) were manually removed by rubbing and 
winnowing. Good sorting primarily targets good 
kernels, and this process involves the removal of 
discoloured and damaged kernels as well as 
shrivelled and immature kernels. The sorting 
exercise resulted in six main streams of fractions 
that were subjected to aflatoxins analysis. These 
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include raw unsorted kernels, shrivelled and 
immature kernels, testa, discoloured kernels and 
good or unstained kernels (Fig. 1). 
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Fig. 1. The Sorting Process Chart
Fig. 2. Raw unsorted peanuts                 Fig. 3. Removal of testa
Fig. 4. Sorted clean kernels
Training of selected stakeholders
 Training sessions were held at the CSIR-
Food Research Institute, Accra, Ghana, to train 
participants on the sorting procedure and 
consequent reduction of aflatoxins in market 
samples of peanuts.  Two groups, made up of 10 
participants each at the CSIR-Food Research 
Institute participated in the first training. The 
sorting procedure was carried out and the 
separate fractions obtained from each group 
analysed for aflatoxins and the effectiveness of 
the process evaluated. The training was 
similarly carried out for two other processors, 
one from Accra and the other from Tema, both in 
the Greater Accra Region of Ghana. The 
processor from Accra (Processor 1) was a 
student of the University of Ghana involved in a 
research to produce canned aflatoxin-free 
peanut soup base for local consumption and 
export. The processor from Tema (Processor 2) 
on the other hand was a local entrepreneur 
working with researchers at the CSIR-Food 
Research Institute on the preparation and 
production of ready-to-eat aflatoxin-free peanut 
chocho spread. The sorted fractions from the 
processors were also analysed for their 
aflatoxins content to assess the effectiveness of 
their operation. 
Aflatoxin Analysis
 The method described by Stroka and 
Anklam (1997) which is based on the standard 
method (JAOAC, 1991) was used in the 
determination of Aflatoxins in each of the sorted 
out peanut kernel fraction. Test portions were 
extracted with a solvent solution (methanol/ 
water) plus hexane. The sample extract was 
filtered, 10 ml of filtrate diluted with Phosphate 
Buffered Saline Solution (PBS) to a specified 
solvent concentration, and applied to immu-
noaffinity column (R-Biopharm RHONE LTD 
EASI-EXTRACT AFLATOXIN) containing 
antibo-dies specific to aflatoxins B , B , G , and 1 2 1
G . Aflatoxins were removed from the immun-2
oaffinity columns with neat methanol. The 
aflatoxins were then quantified by reverse-phase 
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high performance liquid chromatography (RP-
HPLC) with post column derivatization (PCD) 
involving bromination. The PCD was achieved 
with pyrimidinum hydrobromide perbromide 
(PBPB) followed by fluorescence detection.
In order to achieve reasonable homogeneity, 
a slurry of the nuts was prepared before 
proceeding to the extraction process. Approxi-
mately 50 g of the test portion was weighed into 
a blender jar, 5 g of Sodium chloride, 200 ml of 
methanol/water solvent and 100 ml N-Hexane 
was then added. The mixture was then blended 
for 3 min with a high speed blender (Waring 
commercial blender) and subsequently filtered 
through Whatman No.4 filter paper. Aliquots of 
10 ml of the filtrate was pipetted into a beaker 
containing 60 ml of phosphate buffered saline 
(PBS), mixed with a plastic spatula/stirrer and 
applied onto an immunoaffinity column. The 
filtrate was passed through the column at a flow 
rate of approximately 3 ml/min by gravity. 
Distilled water (15ml) was applied in little 
portions of approximately 5ml - at a maximum 
flow rate of 5ml/min and dried by passing air 
through the immunoaffinity column by means 
of a syringe for 10 seconds. Aflatoxins were 
eluted and quantified as described by Stroka & 
Anklam (1997) (JAOAC, 1991).
Statistical Analysis
 Data obtained from the aflatoxins assay were 
subjected to analysis of variance (ANOVA) 
using GenStat (12th edn). To determine the 
significance of observed differences between 
two treatment means, the least significant 
difference (LSD) was used to separate the 
means at 5% probability level. 
Results and discussion
Sorting process development and aflatoxins 
verification exercise 
A total of nine fractions of kernels emanating 
from the thorough sorting process developed 
were obtained and analysed for their aflatoxins 
content during the verification exercise.  This 
sorting process, is expected to be a pre-requisite 
for further processing of peanut into the myriad 
of products on the market as it has a direct 
bearing on the safety of the product. The sorted 
out kernel portions comprised of the control raw 
unsorted peanuts (RUP), immature and 
shrivelled kernels, pre-sorted deshelled kernels, 
total  discoloured kernels, less than 50% 
discoloured kernels, more than 50% discoloured 
kernels, dehulled shrivelled and immature 
kernels, good (clean) kernels, and the testa.  The 
aflatoxins content of these different categories of 
kernels are given in Table 1. 
Total aflatoxins content of the control which 
is the unsorted raw kernels was 19.75 µg /kg 
(Table 1). The individual aflatoxins levels tested 
ranged from “none detected” to 18.36 µg/kg 
representing aflatoxin G2 and aflatoxin B1 
respectively. Sorted out immature shrivelled 
kernels recorded total aflatoxins content of 
60.45 µg /kg with individual aflatoxins showing 
values that ranged from 0.25 µg/kg for aflatoxin 
G2 to 42.37 µg/kg for aflatoxin B1. As expected 
these kernels had the highest level of total 
aflatoxin and the highest in aflatoxin B1 (Table 
1). The bulk of kernels remaining after pre-
sorting, recorded a highly reduced aflatoxin 
levels.  Interestingly, Ya Xu et al., (2017) 
recorded a 96.7% reduction in aflatoxin B1 
through manual sorting. Cole et al., (1995) 
stated that sizing and electronic sorting reduced 
aflatoxin concentration of peanut lots by 29% 
and 70% respectively. Blanched kernels, 
followed by electronic colour sorting further 
reduced aflatoxin level by 91%. In our present 
study, the discoloured kernels sorted out after 
dehulling were further categorized into various 
fractions based on the degree of discolouration 
and tested for their aflatoxin content. The 
discoloured kernels were separated into > 50% 
discoloured, < 50 discoloured and ≤ 10% 
discoloured.  The results showed an increase in 
total aflatoxins with increasing discolouration. 
No aflatoxins were detected in the final clean 
kernels.
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TABLE 1

















































































































kernels 1.10 0.17±0.01 0.06±0.002 0.18±0.002 ND 0.41±0.03
Good (clean) 
kernels 74.48 ND ND ND ND ND
Testa 1.28 2.26±0.18 1.08±0.02 1.65 ± 013 0.35±0.01 5.34±0.33
1Values are means ± SD of duplicate determinations
ND = None detected
Sorting performance by Trainee Groups
 The categories of kernels sorted out during 
the training exercise were raw unsorted kernels 
(RUK), immature and shrivelled kernels, 
presorted kernels for blanching, ≥ 50% 
discoloured, ˂  50% discoloured, and good clean 
kernels (no discolouration) just as was the case 
with the verification exercise. Aflatoxin analy-
ses showed that the raw unsorted kernels (RUK) 
used by the two groups had a total aflatoxin 
content of 23.25 µg/kg (Table 2).  The amounts 
for Aflatoxin B1, B2, G1 and G2 were 19.13 
µg/kg; 2.98 µg/kg; 1.14 µg/kg, and “not 
detected”, respectively. From an initial weight 
of 5 kg of RUK, the amount of presorted 
material was as follows: Group 1 sorted out 0.3 
kg of immature and shrivelled kernels represen-
ting 6% while Group 2 sorted out 0.9 kg of 
immature and shrivelled kernels representing 
18% (Table 2). The loss of 6 - 18% in the 
presorted immature and shrivelled kernels 
represented either extremely poor quality start-
ing material, and/or “over”-sorting by untrained 
workers. The total aflatoxin content for the 
presorted kernels was 152.29 µg/kg for Group 1 
and 148.03 µg/kg for Group 2. Additionally, 
high levels of Aflatoxins in the presorted 
material were over 10 times the regulatory limits 
for raw peanuts to be used as ingredients.  This 
could however, find their way to the peanut 
products if not sorted out.
Following blanching and subsequent remo-
val of the skin, peanut kernels with ≥ 50% 
discoloration were removed (Fraction 1).  The 
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remaining material (Fraction 2) consisted of 
kernels with some discoloration (< 50%) and 
those free from any discoloration. For Fraction 
(1) kernels with > 50% discoloration for Group 
1 was 0.25 kg or 5% of RUK and that for Group 
2 was 0.20 kg or only 4% of RUK (Table 3). 
Aflatoxins were not detected in these samples 
for the two groups.  However, these samples 
must be discarded, and considered as losses 
from the raw material due to the discoloration 
they had. This is in order to produce high quality 
peanut products. Previous experiments indica-
ted that removal of kernels after blanching, with 
> 50% discoloured kernels will result in peanuts 
with aflatoxin contents below the regulatory 
limit (EU requirements).
TABLE 2









































































































1Values are means ± SD of duplicate determinations
ND = None detected
To verify that removal of Fraction 1 kernels 
would result in peanuts below the regulatory 
limit of 15 µg/kg for ingredients, another 
fraction (Fraction 2 with < 50% discoloration) 
was removed from the kernels.  Fraction 2 
recorded no aflatoxins for both Group 1 and 
Group 2.  Kernels with ≥ 50% discoloration 
which was 4% (0.20kg) of RUK for Group 2, 
and kernels with ˂ 50% was 24% of RUK for 
Group 1 and Group 2. Aflatoxins were again not 
detected in these samples (Table 3).
In the remaining clean unstained kernels, 
Group 1 had 3.45 kg or 69% of RUK and Group 
2 had 3.0 kg or 60% of RUK. As expected, 
kernels from both groups were free from 
aflatoxins, as analysed by HPLC (Table 3). The 
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percentages of the sorted blanched kernels 
appeared to be low at 69% and 60%, 
respectively, for Groups 1 and 2.  Several 
factors contributed to this loss. Among these are 
losses due to low quality peanuts which could be 
avoided by accepting only good quality mate-
rial, losses due to blanching resulting in 6.5% 
loss.  This is an expected loss and is un-
avoidable in the processing of the product, inclu-
ding those products from unsorted deskinned 
peanuts.
TABLE 3
Material balance and total aflatoxins content at post blanching sorting during group training




   





































   
















Discoloured kernels (˂ 50% surface 
discoloration) 
1.20 24.00 ND
Clean kernels (No discoloration) 3.00 60.00 ND
1Values are means ± SD of duplicate determinations
ND = None detected
Sorting performance by Trainee Processors
 Aflatoxin results for Processor 1 shows a 
similar trend as observed for the verification 
exercise and the training exercise. Total 
aflatoxins for immature and shriveled kernels 
registered the highest amount of 321.9µg /kg as 
compared to a total of 16.34 µg /kg for the raw 
unsorted kernels. Discoloured kernels regis-
tered 0.13 µg/kg for total aflatoxins, testa, and 
the good kernels did not register any aflatoxins 
at all. In a study carried out by Galvez et al 
(2003), sound kernels had no aflatoxins or 
contained low levels (<15 µg/kg) of aflatoxins 
as against 300 µg/kg of raw materials prior to 
sorting (Table 4). As was the case in the 
verification exercise, there was a drastic reduc-
tion of the aflatoxin levels in the unsorted 
peanuts from 16.34 µg/kg   to none detected 
(100% reduction) in the case of Processor 1's 
training (Table 4), and from a total of 23.22 
µg/kg to 0.23 µg/kg (99% reduction) for Proce-
ssor 2. Again from the results, it was obvious that 
the shrivelled kernels contributed a great deal to 
the high level of aflatoxins in the peanuts. This 
confirms findings by Davidson et al., 1982, 
where nearly 80% of aflatoxin contamination 
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could be attributed to small and shrivelled 
kernels. Total aflatoxin level of shrivelled 
kernels for Processor 2 was 421.74 µg/kg (Table 
5). Interestingly, sorted discoloured kernels for 
both Processor 1 and Processor 2 registered 
significantly low values for aflatoxins.  
These results confirm the study of Awuah & 
Kpodo (1996), where relatively low levels of 
total aflatoxins (50% contamination rate – 0.1 
µg/kg to 12.2 µg/kg) were detected in the 
undamaged kernels), while levels from 5.7 
µg/kg to 22,168 µg/kg were found in the 
damaged kernels.
 The results of this study is also in agreement 
with Ndung'u et al., (2013) who concluded that 
TABLE 4
Aflatoxin levels in sorted peanut fractions at processor level
the source of groundnut and the presence of 
defective nuts were major determining factors in 
increased aflatoxin contamination in the cottage 
industry in Kenya. The Ghana Standards 
Authority has set a limit of 15 µg/kg for total 
aflatoxins in products meant for human 
consumption. The European Union however, 
has a stricter limit of 2 µg/kg for aflatoxin B1 and 
4 µg/kg for total aflatoxins meant for direct 
human consumption.   Similarly,  Bley-N'dede 
et al., (2012) showed that prices paid for 
peanuts, prices received for the commodity, the 
cost of sorting, and storage are important factors 










































































































12.00 203.62±7.52 27.99±4.85 162.46±9.42 27.67±3.18 421.74±6.24
Discoloured  
kernels
9.20 0.79±0.16 0.1±0.01 0.35±0.07 ND 1.24± 0.08
Testa 1.36 ND ND ND ND ND
Good (clean) 
kernels 76.00 ND ND ND ND ND
1Values are means ± SD of duplicate determinations
ND = Not detected
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The effectiveness of the sorting procedure in 
reducing aflatoxin levels to regulatory levels 
cannot be over-emphasized. Manual sorting of 
the blanched kernels resulted in significant 
reduction in the aflatoxin levels in the peanut 
samples. Blanching proved to be a very good 
means by which effective sorting can be done to 
reduce aflatoxin levels in the final products. 
Immature and shrivelled kernels seem to be 
more susceptible to aflatoxin contamination 
than mature kernels. Manual sorting is quite 
laborious and time-consuming but obviously an 
effective way of reducing aflatoxin levels in 
peanuts. 
The results also show that the mere presence 
of the aflatoxigenic moulds does not indicate 
contamination with aflatoxins as observed in the 
non-detection of aflatoxins in the discoloured 
kernels at the training for Processor 1 and 
Processor 2.  In their bid to maximize profits, 
entrepreneurs may be tempted to add discolou-
red kernels during processing to increase 
material balance. Consequently, it may be 
necessary to investigate possible co-occurrence 
of aflatoxins and other mycotoxins (e.g. 
ochratoxin A) in the peanut samples. The 
discoloration of the kernels indicates possible 
growth of moulds but not necessarily produc-
tion of aflatoxins. Complex interactions occur in 
nature consequently antagonistic relationships 
may exist to prevent the production of these 
toxins. 
Sorting of nuts would obviously increase 
costs resulting in reduced profit margins. As a 
result, industry players with little or reduced or 
insufficient appreciation of quality and safety of 
products, will be reluctant to sort unless they are 
well motivated to produce quality kernels 
through higher prices for premium quality 
kernels. Jolly et al., (2009) observed low know-
ledge of aflatoxins among value chain actors in 
Ghana and Benin. Not much progress has been 
made in this regard. Therefore, in order to 
reduce aflatoxin levels and thus promote food 
safety, there is the need to educate and sensitize 
the actors and the general public to identify poor 
quality peanuts to enhance effective sorting. 
Conclusion
Manual sorting which involves presorting and 
further sorting after dehulling and blanching 
presents an effective way of reducing signifi-
cantly aflatoxin contamination in peanuts before 
processing into desired finished products espe-
cially with small scale processors. Mechanical 
sorting is recommended for commercial proce-
ssors.  In all cases, the acquisition of good raw 
materials would go a long way to increase the 
material balance and consequently reflect in 
increased profit margins for processors.
Acknowledgement
We are grateful to the University of Georgia 
Peanut CRSP Team and USAID for the support 
in   carrying out the study. We are also grateful to 
IUFoST and CSIR-Food Research Institute for 
the support in making the training workshop 
successful.
REFERENCES
Alper, C. M. & Mattes R. D. (2002) Effects of 
chronic peanut consumption on energy 
balance  and hedonics .  In t  Journal 
ObesRelatMetabDisord, 26(8), 1129-37.
Awuah, R. T. & Kpodo, K. A. (1996) High 
incidence of Aspergillus flavus and aflato-
xins in stored groundnut in Ghana and the 
use of a microbial assay to assess the inhibi-
tory effects of plant extracts on aflatoxin 
synthesis. Mycopa-thologia 134, 109-114.
Bley N'dede, C., Jolly, C. M., Vodouhe, 
Simplice, D. & Jolly, P. E. (2012) Economic 
Risks of Aflatoxin Contamination in 
Marketing Peanuts in Benin. Economics 
Research International. Volume 2012 
(2012) Article ID 230638
Burton-Freeman B. (2000) Dietary fiber and 
energy regulation. J. Nutr., Feb;130  
    (2S Suppl):pp. 272S-275S.
Effect of manual sorting on Aflatoxins content in peanuts   13 
Cole, R. J., Dorner, J. W. & Holbrook, C. C. 
(1995) Advances in mycotoxin elimination 
and resistance. pp. 456-474 In H. E.Pattee
Coomes, T. J., Crovither, P. C., Feuell, A. J. & 
Francis, B. J. (1966) Experimental detoxi-
pfication of groundnut meals containing 
aflatoxin. Nature, 209-406.
Davidson Jr, J. I., Whitaker, T. B. & Dickens, 
J. W. (1982) Grading, cleaning, storage,     
shelling, and marketing of peanuts in the 
United States. In: Pattee, H.E., Young, C.T. 
and Yoakum, T.X. (eds.) Peanut science and 
technology. American Peanut Research    
and Education Society, Inc.,  Yoakum, TX, 
USA, pp. 571-623. 
DeMello, F.R. & Scussel, V. M. (2009) 
Development of physical and optical 
methods for in-shell Brazil nuts sorting and 
aflatoxin reduction. Journal of Agricultural 
Science 1, 3-14.
Fandohan, P., Gnonlonfin, B., Hell, K., 
Marasas, W. F. O., Wingfield, M. J. (2005) 
Natural occurrence of Fusarium and subse-
quent fumonisin contamination in prehar-
vest and stored  maize in Benin, West Africa. 
International Journal of Food Microbiology 
99: 173-183. http://www.wageningenaca-
demic.com/doi/pdf/10.3920/WMJ2014.176
6 - Thursday, April 20, 2017 11:41:50 AM - 
IP Address: 41.66.254.106 Post-harvest 
management of aflatoxin contamination in 
groundnut. World Mycotoxin Journal 8 (2), 
251 
FAOSTAT(2007) - Production indices. Rome: 
FAO
Galvez, F. C., Francisco, M. L., Villarino, B. 
J., Lustre A. O. & Resurreccion, A. V. 
(2003) Manual sorting to eliminate aflatoxin 
from peanuts. Journal of Food Protection. 
66 (10), 1879 1884.
Hell, K. & Mutegi, C. (2011) Aflatoxin control 
and prevention strategies in key crops of sub
   Saharan Africa. African Journal of 
Microbiology Research 5, 459-466.
Holt, S. H.  I., Miller, J. C., Petocz, P. & 
Farmakalidis, E. (1995) A satiety index of 
common foods. Eur. J. Clin. Nutr., 49(9), 
675-90.
Hu, S., Sonnenfeld, M., Stahl, S., & Crews, 
S.T. (1998) Midline Fasciclin: a Drosophila
    Fasciclin-I related membrane protein 
localized to the CNS midline cells and 
trachea.  J. Neurobiol. 35(1): 77--93.
Jiang, Y., Vasconcelles, M. J., Wretzel, S., 
Light, A., Gilooly, L., Oh, C. S., Martin, C. 
E. & Goldberg, M. A. (2002) Mga2p 
processing by hypoxia and unsaturated fatty 
acids in Saccharomyces cerevisiae: impact 
on LORE-dependent gene expression. 
Eukaryot Cell 1(3), 481-90
Jolly, C. M., Bayard, B., Awuah, R. T., Fialor, 
S. C. & Williams, J. T. (2009) Examining 
the structure of awareness and perceptions of 
groundnut aflatoxin among Ghanaian Health 
and Agricultural professionals and its 
influence on their actions. Journal of Socio-
Economics 38, no. 2, 280-287. View at 
Publisher.
Kaaya, A. N. & Kyamuhangire, W. (2006) The 
effect of storage time and agro-ecological 
zone on mould incidence and aflatoxin 
contamination of maize from traders in 
Uganda. International Journal of Food 
Microbiology 110, 217-223.
Kirskey, J. W., Cole, R. J. & Dorner, J. W. 
(1989) Relationship between aflatoxin 
content and buoyancy in florunner peanuts. 
Peanut Science 16, 48-51. 
Klich, M. A., Tang, S., Denning, D.W. (2009) 
Aflatoxin and ochratoxin production by    
Aspergillus species under ex vivo condi-
tions. Mycopathologia 168, 185-191.
Kris-Etherton P. M., Pearson, T. A., Wan, Y., 
Hargrove R. L., Moriarty K., Fishell, V. &
    Etherton, T.D. (1999) High-monoun-
saturated fatty acid diets lower both plasma 
cholesterol and triacylglycerol concentra-
tions. Am. J. Clin. Nutr. 70, 1009–1015.
Mattes, T. E., Coleman, N. V., Gossett, J. M. & 
Spain, J. C. (2005) Physiological and     
Molecular genetic analyses of vinyl chloride 
and ethane biodegradation in Nocardioides 
14   G. A. A. Anyebuno et al. (2018) Ghana Jnl agric. Sci. 52,  5-15  
sp. strain Js 614. Arch. Microbiol, 183, 95 – 
106. 
Ndung'u, J. W., Makokha, A. O., Onyango, 
C. A., Mutegi, C. K., Wagacha, J. M., 
Christie, M. E. & Wanjoya, A. K. (2013). 
Prevalence and potential for aflatoxin 
contamination in groundnuts and peanut 
butter from farmers and traders in Nairobi 
and Nyanza Provinces in Kenya. Journal of 
Applied Biosciences, 65, 4922 – 4934. 
Needhidasan, S. & Melvin, S. (2013) Existing 
methods for detoxification of aflatoxin B1.
    International Journal of Advance Research. 
Vol 1, issue 8, August 2013. Online: ISSN 
2320 9186.
Park, D. L. (2002) Effect of processing on 
aflatoxin. Advances in Experimental Medi-
cine and Biology 504: 173-179.
Peraica, M., Radic, B., Lucic, A. & Pavlovic, 
M. (1999) Toxic effects of mycotoxins in   
humans. Bulletin of the World Health 
Organization, 77 (9), 754-766
Phillips, T. M., Clement, B. A. & Park, D. L. 
(1994) Approaches to reduction of aflato-
xins in  foods and feeds. In: Eaton, D. L. and 
Groopman, J. D. (eds.) The toxicology of 
aflatoxins: human health, veterinary and 
agricultural significance. Academic Press, 
San Diego, CA, pp. 383-399.
Prineas, R. J., Kushi, L. H., Folsom, A. R., 
Bostick, R. M. & Wu, Y. (1993) Walnuts 
and serum lipids. N. Engl. J. Med. 328, 603-
607.sp. strain JS614. Arch Microbiol 183, 
95–106.
Stroka, J. & Anklam, E. (1997) Method for the 
Determination of Aflatoxins, Ochratoxin A    
and Patulin in Foodstuffs of Vegetable 
origin. Based on JAOAC, 1991, 74, 81-84
Tsai, T., Fulton, L., Smith, B. J., Mueller, R. 
L., Gonzalez, G. A., Usitalo, M. S. & 
O'Brien,  J. M. (2004) Rapid identification 
of germline mutations in retinoblastoma by 
protein truncation testing. Arch Ophthal-
mol., 122 (2), 239-48.
Tuner, P. C., Sylla, A., Gong, Y. Y., Diallo, M. 
S., Sutcliffe, A. E., Hall, A. J. & Wild, C. P. 
    (2005). Reduction of exposure to carcino-
genic aflatoxins by postharvest intervention 
measures in West Africa: a community-
based intervention study. The Lancet, 365, 
1950 – 1956.
USDA (1999). Agriculture Fact Book 1999. 
Washington, DC: USDA.
Wild, C.P. & Hall, A.J. (2000) Primary 
prevention of hepatocellular carcinoma in 
developing countries. Mutation Research 
462, 381-393. 
Xu Y., Doel, A., Watson, S., Routledge, M. N., 
Elliott, C. T., Sophie E. Moore, S. E.   & 
Gong, Y. Y. (2016) Study of an Educational 
Hand Sorting Intervention For Reducing 
Aflatoxin B1 in Groundnuts in Rural 
Gambia. Journal of Food Protection,  80 (1), 
2017, 44-49.
Effect of manual sorting on Aflatoxins content in peanuts   15 
